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® # ilfSM-^ <fc tJf -fe^M-^ -e Y C b C r ^-fe^^-fe-® -^^il L 7^ - ^ 
mSO-fe^ia$r, ffitJtCDA^T^-^f ©ffla^^-^fciiiCJ: U^^pJIg^^l ©^-fe 

<j: *; Iff iB^ 1 (Dm^m^^^^-t ^mmt 

m i- n ^* ^ 3 > ^ ^ ic ^^^^ y BJIg SBlt b f Blt^^js-e o T . 

b t tl ^ - ® # , j!f |g i3 i: t^^^M^ T fe ^ Y C 

b C r^^^^^-fem-^^mbfc^-^? ^, ^«d^3g^^b:^)'^^I^?)^i^tlTV^;^V^ig 

2 tBHE^sp 11-30 



4f ¥ 10-32290 



ti ® # ic # ffi s titg ^ . 

' [0 0 0 1] 

[0 0 0 2] 

[t^jKcog^^g] 

[0 0 0 3] 
[0 0 0 4] 
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^i^ki^^^mM. 7, 20, pp. 4 7 -4 8) . mtl^tt^rJ^^^^lC^Ufflbfe^ 

T'jvm^McD mnm^^^m.Lt^^^Mf}^^(D-^mi (imps 97, i 

-3. 14, pp. 45-46 (1 997)), ^ iy )\^'MWl^(OM^^iJ' 
Lm!^T2^^<D-'^B.i (SITA 97, Vol. 2, pp. 541-544 

(19 9 '7) ) i)^^m^tix\^^^o :m^(D^mit. =^^?]yi>mmx^mi)-^h(Dm 

[0 0 0 5] 

PEG jdt^ j& hcdt^' 3? jvmmizM b T t>«^^*^ b ^ ic^#t? ^ s mtitc 

[0 0 0 6] 

[^S$:^^t--5:ti?)®#mfe<fct>*-^®f^M • 

4 tiiiE#¥ 11-3027901 



10 — 32290 



2 (D^^^OmB^- i^-^^^l'^ 
[0 0 0 7] 

[0 0 0 8] 

Z.Z.X. ^ 1 ^^cld:^2C7)*#.^i:bTli, 3^©HMfe?:>'N°^;^-^ ^t"^ R 
JS*^ b 5: Mis! lcS«?)3itJ ^ ^ ^ ^ = 

[0 0 0 9] 

«-?-M7b^b'»|gi:>&'2>«S(Z)mS[iaxii, -0. ii^_h*^oO. lOT 

[0 0 10] 

35 IC, b^il^f ^llic J; U ^il b fcjSf J: t^-fe^M^t? S Y C 

5 maEi|t¥ 11-3027901 
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>'D-1iiE^;r->'N'>'P-ffiiE%:^f^e)3^tcj:U. 3^) b:/^»^aibfe«iEb 

T^y> #'fe^C0V^T 0^V^b2 5 5® 2 5 6|5gM$:^^Br|g5&i#-^. ^M^Ml^ 

2 5 5 ^m^r=.m^l^it. m2 5 SlCr^-ZA-^n-ffliE^^T^eeJCD-efe^c 
[0 0 11] 

bCr^-fe^/v-feffi-^^^bfcT^-^i:, ^«^^3®*^b:&Ul&^i^tlTV^:^V^Jg 
^©^dS-^f^U^r^ffib, 

^S©^lbTV>-&o 
[0 0 12] 

[0 0 13] 
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o 

[0 0 14] 

i^r=.mnm^tvxmm-t^ztt>'^-vm^. m^mmm^tLxit. cd-ro 

t LT^^j2.t?>?.=^^-:^^^^]K»J e) V :7 h -cTtC- 

[0 0 15] 

[^^®lli^©?^ffi] 
je^ T * i§ ^ © ^ ji j& ^ 56 ® ^ o V ^ T m ^ -5 o 

V ffifiE#¥ 1 1-302 
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0D2 5 eaPi) l?*3^Stl'2>^<^)HM-fe'efe^^ (r),3»(g).»(b)-?- 
-ti etl fi^4^<55?i;SiC-<}; o ^-R [- r-,_g ,— bj J. _ _( L*.. J_ 

, c b, c r] * tLX^m^tl^o 
[0 0 16] 

:lCD2o<D^•fe^^i^tl€tl^c3fi3^LTv^<&^o"e^i:&<^ TfE®^ (i) ^ ( 

[0 0 17] 

[ifci] 

F' =A- P (1 ) 

p- =A-^F (2) 



[0 0 1 8] 
-fib, ^ (1) (2) IC^VXT. 

[0 0 19] 

m2] 



0.114 
0.500 

0.500 - 0.419 - 0.081 



0.299 0.587 
-0.169 -0.331 



1.000 - 0.001 1.402 
1.000 -0.344 -0.714 
1.000 1.772 0.001 



[0 0 2 0] 
[0 0 2 1] 
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[0 0 2 2] 

0 



X = 



X 
-X 



— X 

0 

X 



X 
— X 

0 



(3) 



[0 0 2 3] 

^®^P* {C^UXrj^^ (4) 
[0 0 2 4] 
[1^4] 

F- (X) = (A- +X ) P (4) 



[0 0 2 5] 

y-t^o (X) m-^lZMhX. (5) i^^m^T^Q A~^T'=^ 

9 ffiiiE#¥ 11-3027901 
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[0 0 2 6] 

- ms] 

p (X) =A-^F- (X) =A-^ (A P +X- P- ) 

= A-'A- P" +A-'X- P- 
= P' +A-'X- P- (5) 

[0 0 2 7] 

5) i3^hm^f}^^j^^^i^> mm^^hji^p' (x) \t^^<Dm^p' izm-^^vm 
„ -mtLx. -0. i^x^o. i<D^m<Dm^(^MWLmy^^m^^x. z.(Dm. 

gl^JfebfeM^^:. BI2 (a) :&V^b (d) JC^-Tc blt^x O-fillC bfc*'^ 
[0 0 2 8] 

:LZ.'rz. RGB'fS-^(DT'-^liMilf^iT'^-g>5?)^, YC b C r ^#©^^-^1*^ 
[0 0 2 9] 

ogle, j;e>'Si^SlcJ:oTm^M:«)^b*^S«?)Ji*tifciii#P' (X) 

^^e^, M7&^b'»^x5:=^#i-'2>^StCoVNTm^1-Sc M^P' (X) ti^hn^ 

1 0 ai£E#¥ 11-30 
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# 



[0 0 3 0] 

VN^. p* (X) izMLx^AmcD^m^^mmA^m-r^ii. (6) tc 

^v>. ^f/JH* $:#^_o 

[0 0 3 1 ] 
[^6] 



• (X) 


= A ■ 


(P 










0 


— X X 


r 


XP = 






X 


0 -X 


g 








— X 


X 0_ 


_b_ 



= A P' +A" A"'X' P" =A" P* +X" P 



(6) 



[0 0 3 2] 

rjJc^ (7) izj:V^!^^z:iLif^v^^, 

[0 0 3 3] 
[^7] 

H' (X) -F' = (A' P- +X- P- ) -A P- =X- P- (7) 



[0 03 4] 

m^XFCD^^^yl, y2, y 3t LmmzmmirtHt. (8 

) ^#-5o 

[0 0 3 5] 
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— X 
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r 


XP = 


yi 
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— X 


g 








— X 
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b 



... (8) 

[0 0 3 6] 

Lfe*^oT, rnb©#^r8-*^e>, ^ (10) lC5tL;t J:e)lC, -fitx^r^ 

[0 0 3 7] 
[i$C9] 

y 1= b X — g X 

y 2= r X — b X — ( 9) 

y 3= g X — r X 

[0 0 3 8] 

[iS[io] 

x1=y1/ (b — g) 

x2=y2X (r-b) — (10) 

x3=y3/ (g - r) 

[0 0 3 9] 

^ (10) ^CfeV^T^■S:*^0 lC3fi<^-g>i:x0WffilC|^bTm^5:^S 

^e^ic, y ^X75)'JAnt)^ri:t)%;i^ti^o ^ (lo) icfei-j-^M 
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[0 0 4 0] 

:i<om^j^^^^mr^t^jt^it. ^ (lo) ^m^^x. (xi, x2, x3) 

xav= (xl+x2+x3) /3 
[0 04 1] 

[0 04 2] 
[0 0 4 3] 

J^^T#^c®mi:^^e>r^l*^fe§) p' ©r, g, B^r$>®?^^iii*^R (i, j) 

, G (i, j) , B (i, j) T^S^l-rSo -fib, i 1 J&^e>MS#®M^ 
|ni-9--rX (VSize) ^-ecD^iS:, j id; l *^e3Miii^®;!K^^IoI-9--f X (HS 
ize) i^X(Dm.mX-S>^. timz. «-7-3g7b^b'»#i:t-'5x©«$:^^b. ffi 
x$:^ (3) ^Cf^ALT^*^L^fT^IJX* ^r^^-T-S 1 0 0 ) , -e b 

T. :i®^g*^b^f^JX' (4) fCf^Ab. MH^®M^®*-^P* ?:YCb 

c r^-fe^^Hi^oA-a-F' {c^si-r^„ z.z.x\±. mm¥' (x) ©jJ^s^i^- 

, -fe^^^SrY ' (i, j) , Cb' (i, j ) , C r • (i. j ) X^^H^t 

^t. zin^mk^ (1 1) ^v^L (1 3) ic j:oT»m$tiec 

[0 0 4 4] 

Y '(iJ)^R(i, j)*0.299+G(i, j)*(0.587-x)+B(i,j)*(0.114+x) (11) 
Cb '(i,j)^R(i, j)*(-0.169+x)-G(i, j)*0.331+B(i,j)*(0.5-x) (12) 



1 3 
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Cr •(iJ)^R(i,j)*(0.5-x)+G(i,j)*(-0.419+x)-B(i,j)*0.081 (13) 

^.Q. 0-4^5^ 

Z.tih(D^ (1 1) ~ (1 3) \zm-5<^m^m-X(Di, j lC0V>T^yagL 
H^f-r-SZlilT' (X5=->y 1 1 0 ,S 1 2 0) , m^-jg^^J^l^lt^xA^Mi^T^.* 
Y C b C r ^-fe^i^iCD-T^- ^ & tl-So 
[0 0 4 6] 

(>^^^y:/S l 3 0) o 

[0 0 4 7] 
[0 0 4 8] 

R ♦(i,j)^Y' (iJ)*1.0-Cb •(i,j)*0.001+Cr' (i,j)*1.402 
if R '(iJXO then R' (i,j)^0 

else if R '(i,j)>255 then R'(iJ)^255 

G '(i,j)^Y' (i,j)*1.0-Cb •(iJ)*0.344-Cr' (i,j)*0.714) 
if G '(iJXO then C (iJ)^O 

else if G '(i,j)>255 then G'(i, j)^255 

B '(i,j)*-Y' (i,j)*1.0+Cb •(i,j)*1.772+Cr' (ij)*0,001 
if B '(ij)<0 then B' (iJ)<-0 

else if B '(i,j)>255 then B' (i,j)<-255 
[0 04 9] 

1 4 d^Um^ 11-30 
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Z.O^y.'TVfS 1 3 0®^S$:MT® i , j iCo V\T^ U bH^f f ^ 3 T 

R G B ^ yO'^^S e> tl-5> o 

[0 0 5 0] 

>?)^&^*^L'»^x$:^-fr-5^ai{CoVNTii^-r^o r<Z)^a<3D— 1214© 
1—2 5 4 ©^H(Z)MMT'^^5b^^:«)^^^oT^P!l»T-r'5> (>c.^^y^S 2 0 0) 

xjjyy^yu -rn^is^^ D T v^ § & ^ *^ e> ^ ^ „ 

[0 0 5 1] 

if (R '(ij) or G'(i, j) or B '(i, j)) = (0 or 255) 
else goto y.T-V'^S 2 5 0 

J: »;:;^^v^3^)^^}^)^^f!lm•r§ (^^^y>^s2 1 0) „ 3 0DT;i/iJuxAii, ay 

[0 0 5 2] 

if(B(i,j)-G(i,j) or R(i , j)-B(i , j) or G(i, j)-R(i , j))<3D^^'fit> 5 
else goto X-T-^y:/S2 5 0 

^LT, 2^#j5)^^(c^j£$ti<5Mli#®®igfe<};tJf^*^L'»^*^Sib 

m^n^jtv y s 2 2 0) „ rzi-e, Y, cb, CTiLit. mmm(Dmm 

^YChCrm^^^mnbt^m(DmmY, -fe^Cb, Cr 
Y " , Cb " , Cr " li, m^^}«)^b«#x S:S^?)3A^3fe'H*$:. YCb 
C r^^^/\^mL/7^|^®j^^Y, -feMCb, C rm-^X&^. 
[0 0 5 3] 

1 5 miiE#¥- 1 1-302 
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y(ij) ^ R(i,j)*0.299+G(i,j)*0.587+B(i,j)*0.114 

-Cb( i~, j)- -R( iTj) *0rl69-G (i-d) »0 .~331+B (i-,-j) *0 . 5 - 

Cr(i,j) — R(iJ)*0.5-G(i,j)*0.419-B(i,j)*0.081 
¥ "(i,j) R •(i,j)*0.299+G' (i,j)*0.587+B '(iJ)*0.114 
Cb "(ij) -^-R •(i,j)*0.169-G' (i J)*0.331+B '(i,j)*0.5 
Or "(i,j) «- R '(i,j)*0.5-G' (iJ)*0.419-B •(i,j)*0.081 
[0 0 5 4] 

rk^iZ^Vy^ (1) , X (2) , X (3) ^ffib, rn^®5I^i^Mxav, -ttJtiD 
^M*^b«#x®*t^'fa$:^ai-rs (>(.^^y:/S 2 S O) „ 

[0 0 5 5] 

x(l)^(Y " (i,j)-Y(i J))/(B(i,j)-G(iJ)) 
x(2)^(Cb " (i,j)-Cb(i,j))/(R(iJ)-B(i,j)) 
x(3)^(Cr " (i,j)-Cr(i,j))/(G(i,j)-R(i,j)) 
xav^ (x(l)+x(2)+x(3))/3 
[0 0 5 6] 

z-oi^xi -:3(3[)ii^^^cov^T<z)xav;^,^#e>tlSi:, m^nr^(D:K^y<Dmm.'^i^ 
h-r^r=.i^<Di^^>-$^ n^^^y hryfi^ (7.7^^^:^5240) , &.±(d 
^m^mxomm (i, j) \z-D\>^xmyt^±xmijmvmn-r^ (t^^v^ 

S 2 5 0) c 

[0 0 5 7] 

<mmm> 

tf^3^®±i^b^i^^#^S^fflv^T, 3®;?)^b'Iffgx$:S2(D;*j^-iif# (2 5 6 X2 
5 6®m, RGB#2 5 epiil) ictlii)?^^?^, ||i^L.fc*gmicov>Tl5i^i-^. 

[0 0 5 8] 

1 6 ailiEi|t¥ 11-30 
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^#J^JCAti. iSMjfc.xcD'iili- 1. 0 — 1. 0-e^y, ^^L<li-0. 5 — 
0. 5, ^VnthKlt- 0. 1—0. 1 ®^fflT'^^-r-5 3^*^M^ L/V^. ^ 

'filT'^m-t-2>^i::^^M^ t <, |g5<DM:^:^)^e>=fe;tt^ffix^ia^i?)^i^fe'xffl(D'f^ 
^ [0 0 5 9] 

[0 0 6 0] 

a^'^.v^^i^=#©JS:»^c^-r-&w^4M^:^^, x = o. i (r^m.ti^x^'mm.^m. 
i^72</ur£^i^^)vij^-mm. (06) izM-t^^ V ^y\f>^ (-©y^^) , ®# 

(:*:|li^t?^±J£<frJM^tlTV^^ J P E GJ±^^$g« bX V^-S) , S t i r 

• Ma r kJjcS, ®i^^CD±«%®JlilCSiB^-r-5c 
[0 0 6 1] 

(1) mvm^ 

t.-f. mmt:m6iz^t^-o(Dm^ m^i. 2, 3) ©nf^ ci 0 0 x 1 0 

^^jm-^Lt^xU^m^ (a) , (b) , (c) iZm-t. Z(Dm7 ti^hm^fJ^^£ 

^oiz. mmmt>^i/3izmvm^mm^nrz$>^vp^mmf)-^^i:^. x^g-r-fe 
^ ro. ij izm^ii^^jt\£-^mij^m^. m.^mi}-'L(Dm.-^^mmiznt^o:it 
ti^x^tc. tt£iD%. :;^r)v:^vxMz^^n^mf)-^i^mi^72^^-i5^zj^m^nm 

^(Dmmizm^T^Ajtdm^m-fy-'V mm xm^jEv<'^-^-t^ziii)^xm^<Dx& 
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[ 0 -0 -6 -2-] 

(2) J PEGM 

xmm-r^. (a) . (b) , (c) i*, mecDmm^s o%, 6o%, 4 

„ ;itie>0$§:^lC:u^-r<fce)lC. iSE^^^rS 0%-4 0%g^lCig^U3t«-a-JC« 
, J PE GjE^'$ tifcm7'->:?j^e3*j^^fC«^^;^)^bMx$:^-^i- -5:1^:6^ 

, llffi^C'^b#-5oo^iMi?)T#^^^'&^c^^$tl-5^#^e>tlec t^oT, ^j: 

coUffl ^ +^ I- ^ b T V ^ ^ i: V > X. o 
[0 0 6 3] 

(3) StirMar kJJC^ 
M. G. Ku h nlCj:oTll^$n)tS t i rMa r ki:V^•9^-r 

;!)^btcM'r^JjC»*^#^E-t-5c 7b^*^SiiC^^y-;VS t i rMa r k$:ffiV%T, 0 

01S'^;^)^e>«. ^^»JJCJ; Uil«?)ii2.^tL3tm^5S:^^b^ttm-t'g>:ii:*^-e^:t 
Tb^bMxcJDm^liRJIg-e^U. St i rMa r k ^ ifCD+t^-^W'tt^r^-f ^ 3 

[0 0 6 4] 

(4) ia^^®J:»^ 

?^{c, jg*^b##xl = o. 1 ^mi^jh/vt=.'MM}SQi^MhX. -^hiz^ m 

J^J^b-lt^x 2 =- O. 1 (=?s=xl) ^±«^b7t^-^^C0V^Tfi^i-€>c Jttf^ 
5g}{)^b«?gS:»mbfc%)(D^> 010 (a) IZmVt:!. 

Tii, x = 0 ^cfev^Ttf-^ffi*^f§^b, m(om-fy-'Lmm^B-t:iinztj^^o ^ 

1 8 ffifE#^ 11-30 



iRp^p 1 0-3 2 2 9 0 



# 



5:010 (b) ic^fo t-^t>t.. 2|s:T;i/^rU Xi^^ci:tl^^^ miS'hmn(D±m 

I1 1- ^ZLt % f o 

[0 0 6 5] 

(5) ry-( y^m 

1^ [0 0 6 6] 

Vmrn-^tlt^. 3®m^-^A^b^S^Sli, CPU2 2il. ROMfeJ;tJfRAM 
Sr-^tf^^f >^^U 2 4 ii. 7 2 6 i:, ^Sp- jK- F 3 0 i:, V'^';^ 

3 2 i:, ^5^^S 3 4 /N- K^-f 7. 3 6 ^, ^t^A 3 8 i:, H^?:^^^ 
-g>X^^:^3 9 i:, 3:nb(Z)#il*?:^^-r'&A^4 0 i:. ^^^^:iy\£=L- 

[0 0 6 7] 

Lm^72^^m4: 2fej;t>*«^5g*^b^-t^|5 4 4 ©^fglCo V^T b < 
[0 0 6 8] 



1 9 
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V A =1 > - a? ^5^^ o T it g^^^f -r ^ J: -5 b T % .i V N „ 
[0 0 6 9] 

[0 0 7 0] 

-ROM. %m.%'f>(y^^. IC:^-F, KOMij'-V')vV. F> 
M^ROMJ&ifCD^^U) l3it>*^Sl5BSll^«#®. n > tf ^ - ^ U "Tig 

[0 0 7 1] 

$ti-5>%)(5D"e«^<. m^is^^ WMxmm i^n^z-n \t^mx ^ . 
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[01] 

BT'^-S>o 

[02] 

[03] 

So 

[04] 

m^^^ b ^-^^S © T ;i/ U X A m 0^ t- -5 :7 n - ^ ^ - bl? ^ „ 
[05] 

[06] 

[07] 

U ^ ^ $ ti ;t ® ® #5=^ - ^ ^ $ # X © ti h ^ A T ^ -§) 

o 

[08] 

•t' - ^ ® - iJf e> «5t $ tl :^ M X (D t X h ^* ^ A T' -5 c 

[09] 

S t i rMa r k XjScS^ ^ ;?)^ P>^7cS 4afe'fiix © t h 

[01 0] 

|SICT;L'=fUXAT±»^$nfc^O®#5^-^>()>e>«5^Sn^cffix(DfcX h 

[011] 
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^SfeM ^ s^^*^ b (Dili?) ji^^sfc J: y^^^^ias -r ^ «^-^>^)^ 



2 2 -C PU 

2 4 - >l > ^ U 

2 6 •":7 lx-A^=EU 

3 0 — K 
3 2 ••'7^:^ 

3 4 —^^^g 

3 6 • -/N- F-T^-f 

3 8 -^-T^A 

3 9 -^^^i- 

4 4 -m^igTb^b^-^^IS 
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m 



[mi] 



0® 



i 



A-f-X 







F(X) 




POO 






p 











Original 
Image 



Watermarked 
Image 



[112] 





(a) X = 0.1 



(c) X = -0.1 





(b) x = 0,05 



(d) X = -0.05 
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No 



c 














Y '(i, j) 

cb '(i. j) (omm 

Cr '(i. j) 






Yes 



B '(i. j) (DMium^ 



S 1 0 0 



S 1 1 0 



S 1 2 0 



S 1 3 0 
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[04] 



No 




No 



Ye s 



Y. Cb. crnm 
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